Context: Oral contraceptive (OC) use has been shown to be associated with increased risk of ischemic stroke. However, most studies were conducted before low-dose OC became available.
Background
Since the introduction of oral contraceptive (OC) in the late 1950s, a number of epidemiologic studies have shown that OC use is associated with increased risk of ischemic stroke.
1,2 However, most of the studies conducted before 1980s were based on OCs containing high-dose estrogen (80 or 100 _g) that are no longer used. Oral contraceptives containing low-dose estrogen (less than 50 _g) became available in the early 1970s. The formulation currently in widespread use in the Unites States contains 30 or 35 _g of estrogen. 3 Thus, it is not reasonable to generalize about the risk of ischemic stroke associated to the use of low-dose OC from the findings based on high-dose formulations.
There are not many studies that examined the risk of ischemic stroke among low-dose OC users. Although it seems that reduction in estrogen content decreases the thrombogenicity of OCs and lowers the risk of ischemic stroke, there is a heterogeneity in the reported risk among studies. [4] [5] [6] Some studies reported small increase, [5] [6] [7] [8] whereas others reported no increase in the risk of ischemic stroke. 9, 10 Considering the lack of feasibility of conducting randomized controlled trials and only limited number of observational studies showing inconsistent results, it is important to summarize the findings from observation studies and investigate possible reasons for this inconsistency. This will provide useful information on potential health risk of OCs that are currently used by over 76 million women worldwide. 11 Here, we conducted a meta-analysis to evaluate existing evidences to determine whether low-dose OC use is associated with increased risk of ischemic stroke and to quantify this risk among subgroups with different characteristics. Specifically, we included only premenopausal women who comprise the majority of OC users. The exposure was confined to the use of OCs containing less than 50 _g of estrogen that are currently in widespread use. The outcome was limited to ischemic stroke, because the strength of association between OC use and hemorrhagic stroke is not strong. 12 We reviewed all relevant cohort studies and case-control studies that were conducted in the Unites States as well as internationally.
Methods

Study Selection
We conducted a literature search using MEDLINE, EMBASE, and Science Citation Index (January 1970 through February 2005 ). The following key words and subject terms were used: (intracerebral hemorrhage OR venous sinus thrombosis OR cerebral infarct OR cerebral ischemia OR cerebrovascular accident OR cerebrovascular disease OR stroke) AND (oral contraceptive OR birth control pill OR estrogen). The search was restricted to English and humans. The original search yielded 1183 citations from MEDLINE, 730 from Science Citation Index, and 132 from EMBASE (excluding duplicates from MEDLINE), for a total of 2045 citations.
A preliminary title review was done by five investigators and 377 potentially eligible articles were selected for abstract review. Each abstract was reviewed independently by two investigators, with the following exclusion criteria: With these exclusion criteria, we excluded 277 articles.
Considering the time when high-dose OCs were withdrawn from the market and low-dose OCs became widely available, we further restricted our analysis to the articles published since 1985, which left 55 articles for full-text review. The 55 articles identified during the literature search were reviewed by an investigator (who initially had not reviewed the abstract of the article in question) who reassessed the article and discussed the reasons for inclusion or exclusion with the rest of the investigators. From the 55 articles, we excluded 6 studies because of the inclusion of postmenopausal women without stratification, 4 because of fatal stroke or hemorrhagic stroke as the only outcome, 5 because of duplicate publications using the same data, and 10 because of the lack of comparison group (case series only). Ten articles were excluded, because they were published as abstracts only, review articles, letters to editor, or editorials and did not contain enough information for the analysis. We also exclude 11 studies that were conducted before 1990 and did not specify estrogen dose. Finally, data from nine remaining studies were abstracted for our analysis (See Figure 1 ). There were no randomized controlled trials or cohort studies that satisfied our criteria.
Data Abstraction
Data were abstracted by the reviewers of each study and verified by the rest of the investigators. Any disagreements were resolved through full discussion. Information on study quality as well as data was collected. Years of study conducted, study region, type of control (hospital or population control), age distribution of participants, and numbers of case and control were abstracted. Outpatient control was considered as hospital control. Definition of current OC users varied among studies and we followed the definition used by individual studies. Non-current users were defined as both former and never users. Estrogen dose was defined as low-dose, either when an OC contained less than 50 _g of estrogen or when it belonged to second or third generation. The generation of OCs was determined by estrogen dose and types of progesterone 7 . Although the definition of generation was not consistent among studies, estrogen dose in each generation was consistent among studies (50 _g or more for first generation, 30-40 _g for second generation, and 20-30 _g for third generation) and we followed the classification used by each study. Estrogen dose or generation of OCs was abstracted from each study when it was mentioned in the article. When it was not mentioned, it was estimated from the prevailing use pattern in the study area during the study period. Generally, the estrogen dose was assumed to be less than 50 _g if a study was conducted after 1990. When a study was conducted before 1990 and did not specify the estrogen dose or generation of OCs, it was excluded from our analysis. Information on exposure to OCs (current, past, or never use) was obtained. Information on definition of stroke and diagnostic methods, such as use of clinical or radiographic diagnosis or both, was gathered. We excluded hemorrhagic stroke, such as subarachnoid, intracranial, and intraparenchymal hemorrhage. Refusal rate was calculated separately for cases and controls as the percentage of eligible individuals who declined to participate in a study.
Figure 1. Retrieval of Eligible Studies
Risk estimates used in our meta-analysis were determined a priori. For the primary analysis, the odds ratio (OR) comparing current with non-current users after adjusting for potential confounders was chosen and pooled. Standard errors were calculated from adjusted odds ratios and their 95% confidence intervals (CIs). Information about potential confounders that were adjusted for in individual studies was also collected. When a study did not provide the adjusted odds ratio or its 95% CI comparing current with non-current users, we excluded the study from the analysis 4 . In subgroup analyses, we dichotomized age as 35 years or more vs. less than 35 years, smoking as current vs. non-current smokers, and hypertension as present vs. absent. Then we collected the data relevant to ischemic stroke from each stratified analysis.
Statistical Analysis
We combined the odds ratios (ORs) comparing current with noncurrent users from each study using both fixed-effects model and DerSimonian and Laird random-effects model 13 . However, results from the random-effects model are presented in this report because significant heterogeneity was identified among studies. In the four studies [5] [6] [7] [8] that provided adjusted ORs for each generation of OCs, we combined the adjusted ORs for second and third generations using the random effects model. In a study 14 that had stratification by presence or absence of migraine, overall adjusted OR was calculated in a similar fashion. A forest plot was created using adjusted ORs and 95% CIs from each study. One study 4 that did not provide the adjusted OR of ischemic stroke comparing current with non-current users was not included when calculating overall OR, but included in other analyses. Heterogeneity among studies was calculated using chi-square test and studies were defined as heterogeneous when p-value was less than 0.05.
Preplanned subgroup analyses were performed according to exposure classification (current vs. never users and former vs. never users), progesterone type (second generation, third generation, and second vs. third generation), and presence or absence of other risk factors for ischemic stroke (≥ 35 years old vs. < 35 years old, smokers vs. non-smokers, and hypertensives vs. normotensives). To evaluate which study characteristics contributed to the heterogeneity, we examined the influence of study characteristics on overall OR by applying different inclusion criteria. In addition, the influence of each study was evaluated by eliminating each study at a time and calculating the resultant overall OR after the study was excluded. To examine the presence of publication bias, Egger's test and Begg's test were performed and a funnel plot was plotted. All statistical analyses were performed using STATA 8.2. 
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Results
Qualitative Analysis
The characteristics of nine case-control studies that satisfied our criteria were summarized (Table 1) . Among the selected studies, six 4, [6] [7] [8] 14, 15 were conducted in Europe, one 9 in the US, one 16 in Mexico, and one 5 in Europe and developing countries in Asia, Africa, and Latin America. Three studies 5, 7, 14 involved participants from more than one country. All the studies were conducted since 1985 and published since 1993. Five studies 4, 6, 8, 9, 15 used population control, three 5, 14, 16 used hospital control, and one 7 used both. Age distribution of study subjects ranged from 11 to 49 years old. The number of cases varied from 130 in the study by Barinagarrementeria et al1 6 to 697 in the study by World Health Organization (WHO) collaborative. 5 There was only one study 9 in which estrogen dose in OCs was exclusively less than 50 _g. Six studies [4] [5] [6] [7] [8] 14 reported both estrogen dose less than 50 _g and greater than 50 _g. Two studies 15, 16 did not state estrogen dose explicitly. As for the study outcome, seven studies [4] [5] [6] [7] [8] 15, 16 reported ischemic stroke and two studies 9, 14 reported both ischemic and hemorrhagic stroke.
Several methodological issues were examined. In most studies, exposure to OCs was measured by mailing questionnaires 4, 6, 8 or personal interviews. 5, 7, 9, 14 One study 16 did not report how they obtained the information on OC exposure and one study 15 used General Practice Research Database which is an automated national database collected for research purpose and contains medical and prescribing records for more than 8.5 million people throughout the UK. With regard to outcome ascertainment, four studies 7, 8, 15, 16 used a combination of clinical and radiological diagnosis, whereas five studies 4-6,9,14 used only clinical diagnosis.
Cases and controls were matched for age in eight studies. [4] [5] [6] [7] 9, [14] [15] [16] Age was adjusted in three studies [6] [7] [8] and socioeconomic status was adjusted in two studies. 6, 14 Smoking was adjusted in eight studies [4] [5] [6] [7] [8] [9] 14, 15 and hypertension was adjusted in seven studies. 5, [7] [8] [9] 14, 15 Four studies [7] [8] [9] 15 adjusted for diabetes. The study by Lidegaard et al 6 controlled for hypertension and diabetes in their initial model, but excluded them from the final model because of lack of confounding influence by the variables. The study by Barinagarrementeria et al 16 did not provide any information on potential confounders that they adjusted for (Figure 2) .
All of the studies except for one study4 reported adjusted OR comparing current with non-current users. Adjusted OR comparing current with never users was provided in two studies 4, 9 and adjusted OR comparing ever vs. never users was provided in one study. 9 There were three studies [7] [8] [9] reporting OR by smoking, two studies 8, 9 reporting OR by age, four studies5-8 reporting OR by the generation of OCs, three studies [7] [8] [9] reporting OR by history of hypertension, and one study 14 reporting OR by history of migraine.
The definition of exposure to OCs was inconsistent among studies. Current OC use was defined as the use of OCs within 1 month up to 1 year.
Quantitative Analysis
The overall pooled OR for ischemic stroke comparing current with non-current users calculated by the random-effects model was 2.14 (95% CI, 1.69 -2.72) (Figure 2 ). Significant heterogeneity was observed among studies (P = 0.02).
In the subgroup analysis by exposure classification, there was weak evidence that current users were associated with increased risk of ischemic stroke compared to never users (OR, 1.18; 95% CI, 0.44 -3.16) (See Table 2 The findings from the analysis examining the influence of study characteristics on overall pooled OR were presented (Table 3 ). When we included four studies that used radiographic imaging for the diagnosis of stroke, the pooled OR changed from 2.14 to 2.45. The combined OR was 2.81 when the studies with population control were all excluded, whereas it was 1.89 when the studies with hospital control were all excluded. Significant heterogeneity was observed only when the studies that did not report estrogen dose were excluded.
Sensitivity Analysis
The influence of each study on overall OR was examined ( Figure  3 ). 
Publication Bias
The possibility of publication bias was evaluated by using the Egger's test (weighted regression) and Begg's test (rank correlation method). P-value for bias in the Egger's test was 0.62 and p-value in Begg's test was 0.75. A funnel plot showed symmetry around the overall pooled OR, indicating the absence of publication bias (Figure 4 ). 
Discussion
In our meta-analysis, all the nine studies showed positive association between current low-dose OC use and ischemic stroke and six of them had statistically significant association. The overall pooled OR of ischemic stroke among current low-dose OC users, compared with non-current users, was 2.14 (95% CI, 1.69 -2.72) (Figure 2) . Therefore, our meta-analysis suggests that low-dose OC use is a risk factor for ischemic stroke.
Among the nine included studies, the study published in 1993 by Lidegaard et a l4 was not included when calculating overall OR, because the authors did not report the standard error or 95% CI associated with the adjusted OR of 3.46 comparing current with non-current users. The study by WHO collaborative 5 had two distinct components -Europe and developing countries including Asia, Africa, and Latin America -showing different results and it was considered as two different studies. The studies by Barinagarrementeria 16 and Nightingale 15 were included despite the lack of information on estrogen dose, because the dose was estimated to be less than 50 _g considering the region and years of study. During the literature search, we found three cohort studies, [17] [18] [19] but they did not meet our criteria. One cohort study by Stampfer et al 17 was conducted from 1976 through 1984 and did not have information on estrogen dose. Considering the time period when it was conducted, we suspected that it had included a significant proportion of high-dose OC users. The other two cohort studies that were conducted from 1980 through 1982 by Porter et al 18 and from 1968 through 1994 by Mant et al 19 reported only proportion of low-dose OC users without stratified results. High-dose OC users consisted of 59% in the study by Porter et al 18 and over 32% in the study by Mant et al. 19 We were unable to extract the data related to low-dose OC use from the three cohort studies. They were not included in the analysis, because including significant proportion of high-dose OC users will overestimate the risk of ischemic stroke.
Significant heterogeneity was observed when we combined all the studies to obtain the overall pooled OR (P = 0.02). It is because all the included studies are case-control studies of varying qualities and characteristics. They are particularly susceptible to confounding and bias, compared to cohort studies and randomized controlled trials. 20 Each study recruited participants at variable risk by applying different inclusion and exclusion criteria and used different methods for assessing exposure and ascertaining outcome. Thus, we used the DerSimonian and Laird random-effects model to encompass non-random variation between study results and allow more conservative CI for the overall OR. 13 Residual confounding always exists in a meta-analysis of observational studies. Some studies did not measure or control for important risk factors for ischemic stroke, such as age, smoking, hypertension, and diabetes (Figure 2 ). In addition, there are several potential sources for bias in case-control studies. Information on past exposure to OCs relies on participants' recall and the extent of recall between cases and controls tends to be different, leading to biased results. The studies by Lidegaard et al4, 6 15 used a reliable database that has medical and prescribing records collected for research purpose. Classification of exposure to OCs was also inconsistent between studies. Differential refusal to participate in the study between cases and controls may indicate the presence of selection bias.
We performed subgroup analyses to examine how the association between low-dose OC use and risk of ischemic stroke changes according to exposure classification, progesterone types, and women with different risk factors for ischemic stroke (Table 2 ). Compared to never users, current users seemed to have slightly higher risk (OR, 1.18; 95% CI, 0.44 -3.16) and former users had significantly lower risk (OR, 0.58; 95% CI, 0.48 -0.71). Decreased risk in former users was consistent between studies. Possible explanation is that never users may have multiple risk factors and are at higher risk for ischemic stroke than users. Women who stopped taking OCs may be more health-conscious and have a reduced risk due to healthier lifestyle. Past use does not seem to have a long term "hangover" effect. Different progesterone formulation in OCs was also associated with different risk of ischemic stroke. This may be due to the effect of different progesterone components, different risk profiles between users of second generation and users of third generation, or preference of prescribing physicians between studies in different countries. Thus, it is possible to underestimate or overestimate the risk of ischemic stroke associated with third generation OC use. The independent effect of low-dose OC use on the risk of ischemic stroke was stronger among women less than 35 years compared to women of 35 years or older, nonsmokers compared to smokers, and normotensive women compared to hypertensive women. These results are not consistent with recent meta-analyses by Gillum et al 21 and Chan et al 12 and some studies 7, 19, 22 that suggested greater risk among OC users with additional risk factors for ischemic stroke. Because only small number of the selected studies reported stratified information on risk factors, the pooled estimates from our subgroup analyses are less precise, which may explain the inconsistency with previous reports.
To find out which study characteristics contributed to the heterogeneity, we examined the influence of certain study characteristics on the pooled OR (Table 3) . When we only included the studies that used combination of clinical and radiological diagnosis, the overall OR was 2.45 (95% CI, 1.99 -3.06) and test of heterogeneity was insignificant. Exclusion of two studies that did not report estrogen dose made very little change in the overall OR and heterogeneity. Studies with population control had much lower pooled OR than studies with hospital control, meaning that control subjects from hospital underreported or less frequently used OCs for some reasons. We also evaluated the influence of each study on the overall OR by eliminating each study at a time (Figure 3 ). Although the study by Lidegaard et al 6 appeared to have moderate influence, there was not one particular study that has significant influence on the overall OR.
A meta-analysis by Gillum et al 21 This meta-analysis has several limitations. As mentioned above, a meta-analysis of observational studies has methodological limitations and susceptibility to bias and confounding, leading to imprecise estimate of true association. We limited our analysis to the studies in which the exposure and outcome were clearly stated as low-dose OC and ischemic stroke, respectively. Therefore, only nine studies were included. This small number substantially limited our subgroup analyses and yielded less precise 95% CIs. Due to the small number, we could not conduct a meta-regression to assess risk of ischemic stroke related to low-dose OC use controlling for several study-level covariates. In addition, we could not investigate the dose-response relationship between low-dose OC use and ischemic stroke, because most of studies did not report the duration of OC use. As a result, potential biases and confounders were not adequately addressed and reasons for heterogeneity between studies were not sufficiently examined.
Presently, more than 10 million women in the United States and more than 76 million worldwide use OCs. 11 Our meta-analysis found that current use of low-dose OC increases the risk of ischemic stroke approximately by two times. However, when we consider its health benefits and effectiveness of birth control and very low baseline incidence of ischemic stroke in young women of less than 10 per 100,00023, low-dose OC use in premenopausal women is generally acceptable and safe. Future research is warranted to identify high-risk groups for ischemic stroke associated with low-dose OC use and to investigate the dose-response relationship between the exposure and outcome. ■ Articles 37 
